ABSTRACT
Introduction
Hematologic tumorigenesis mechanisms show that the disorder of Cell autonomous death process-programmed cell death or apoptosis is the pivotal cause of tumorigenesis. In the cell growth, death, and differentiation, the genetic information acts through diverse signal transduction pathways, in which sustained Akt phosphrylation plays an crucial role in leukemic cell malignant transduction. Several agents suppress the growth of leukemic cells by inhibited the Akt signal pathway in vitro [1, 2] . Previous studies show Celastrol can suppress diverse tumor cells growth including HL-60 cell, but the mechanism involved is not clear. In recently, cell apoptosis is closely related with several tumors development and progression and chemotherapeutic agents efficacies. High dose chemotherapy and radiotherapy can induce tumor cell apoptosis, but inducing sensitive-specific cell apoptosis is one of other mechanisms that several anti-cancer drugs works, which has become a novel strategy for anticancer drug development [3] . Celastrol is one monomer of Tripterygium and a triterpenoid pigment with formula C 29 H 38 O and molecular weight 450.000. It is reported without suppression the immune response and anti-inflammatory effects [4] [5] , celastrol exhibited anti-cancer activity in vitro [6] [7] , but mechanism involved is not fully understood. In this study, K562 cells were used to explore the molecular mechanism of Celastrol-inducedapoptosis, and further investigate the significance of Akt pathway in this process.
Materials and Methods

Materials
K562 cell line is obtained from the China Center for Typical Cuture Collection (Wuhan, China) and maintained in RPMI-1640 (Sigma) medium supplemented with 10% fetal serum (FBS, Gibco-BRI, USA.) at 37˚C in a humidified atmosphere. Celastrol is purchased from the (Sigma). Anti-P-Akt, Akt, Survivin, Bcl-2, Caspases3, 8,6 GAPDH are purchased from Zymed, San Francisco, Calif. MTT was bought from Janssen Chimica Company (New Brunswick, NJ, USA). Hoechst 33258 and dimethyl sulfoxide (DMSO) were purchased from Sigma, USA.
Chemiluminescence (ECL) reagent kits were purchased from Pierce Biotechnology (Rockford, IL, USA). Annexin V-FITC/PI, DNA apoptosis kit is was from Keygen company, China.
Proliferation Assay
Logarithmically growing K562 cells were seeded in triplicate at a concentration of 5 × 10 4 cells/ml in culture medium, and then exposed to various concentrations (0.25 -16.0 μmol/L) and exposure intervals (up to 3 days) of Celastrol. After the incubation period, 10 μl of the MTT labeling reagent (final concentration 0.5 mg/ml) was added to each well. At the end of another 4 h incubation, the medium were removed and 150 μl DMSO was added to each well. After the purple crystals were completely dissolved, the optical density was measured by using a μQuant Microplate Spectrophotometer (BioTeck, Winooski, USA) at a wavelength of 570 nm.
Annexin V-FITC Stainin for Evaluation of Apoptosis
According to the method described in Annexin V-FITC detection kit, cells (1 × 10 6 ) exposed to various concentrations of Celastrol (0.5 -2.0 µmol/L) were resuspended in 100 μl of binding buffer after 24 hr culture, afterwords, cells were stained with 5 μl Annexin V-FITC solution and 15 μl propidium iodode solution for 15 min. at room temperature in the dark. Then the samples were diluted with 300 μL of binding buffer and analysed by flow cytometry (FACsirt BD Biosciences).
Hoechst 33258 Staining
Nuclear fragmenation is visualized by Hoechst 33258 staining of apoptotic nuclei.after 24 hr culture, cels exprosed to 2.0 µmol/L (close IC 50 ) of Celastrol were fixed in fixed in 4% araformaldehyde for 10 min at room temperature before deposition on polylysine-coated coverslips. The adhered cells are permeabilized 0.1% Triton-100 for 5 min ar room temperature,and then incubated with Hoechst 33258 for 30 min at 37˚C, rinsed with PBS and mounted on slides with glycerol-PBS. Finally, the cells are viewed with an Olympus BH-2 fluorescence microscope (Tokyo, Japan.)
DNA Fragmentation Assay
DNA is isolated according to the method described in the DNA apoptosis ladder kit. Cells are washed and lysed in 300 µL of digestion buffer after 24 h and or 48 h culture. The genomic DNA is dissolved in TE buffer and 5 µg of DNA samples is subjected to agarose gel (2%) electrophoresis. The gels are visualized and photographed under UV light.
Western Blot Assay for Protein Expression
After treatment,cells were harvested and lysed in 100 μL of lysis buffer (10 nM This-HCl [pH 7.5], 1 mM EDTA, 1% Triton X-100,150 nM NaCl, 1 mM dithiothreitol, 10% glycerol, 0.2 nM phenylmethylsulfonyl fluoride, and protease inhibitors) by incubation on ice for 30 min, and then the extracts were centrifuged at 29,000 × g for 15 min to remove cell debris after the addition of 5 × loading buffer, protein samples were electrophoresed on a 12.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto nitrocellulose membraned. the membranes were then immunoblotted with primary antibodies directed against P-Akt, Akt, Survivin, Bcl-2 Caspases3,8,6 to separately after overnight incubation 4˚, the blots were exposed to the horseradish peroxidase-labeled secondary antibodies at a final dilution of 1:1500 in western washing solution. finally, the blots of the bands was carried out using the Quantity One densitometric analysis software (Bio-Rad, Richmond, CA, USA).
Statistical Analysis
Student's t-test and one-way analysis of variance are used to determine statistical significance of differences between values for various experimental and control groups, p values < 0.05 was considered a significant difference.
Results
Celastrol Declined Proliferation of K562 Cells
The cytotoxicity of Celastrol to K562 cells was calculated from the loss of cell viability using MTT assay. As shown in Figure 1 , exposure of K562 cells to 0.25 µmol/L Celastrol or 0.5 ower than that for 24 h did not affect their viability. However, at concentrations higher than that, Celastrol significantly inhibited the growth of K562 cells. The degree of growth inhibition depended on both the concentration and the exposure duration to Celastrol. The IC 50 value of Celastrol for 36 h was 2.031 ± 0.109 μmol/L.
Celastrol Induced the Apoptosis of K562 Cells
To address the role of Celastrol in conferring sensitivity to apoptosis, K562 cells are exposed to increasing concentration of Celastrol,and then detected with DNA fragmentation assay and Annexin-V/PI double-labeled cyometry. The degree of apoptotic cell death is quantified Figure  2(a) ). as shown in Hoechst 33258 staining figures, apoptotic bodies containing nuclear fragments are found in Celastrol-treated cells, and the chromatin becomes condensed, marginalized, the nuclear envelope appear lytic and the cytoplasm becomes shrinkaged. While the normal K562 cells present intact plasma membrane and order chromatin folding (Figure 2(c) ).
We used signaling pathway inhibitor WORT to treat K562 cells for 1 hour, and then affected K562 cells with 2.0 μmol/L Celastrol for 6 h. The result shows that WORT can significantly improve the apoptotic proportion of Celastrol-treated K562 cells (Figure 5(a) ). Meanwhile, we investigated the activation level of Caspase3 intracellularly and found that the expression level of activated Caspase3 in cells treated with both WORT and Celastrol is further increased in contrast to cells only treated with Celastrol ( Figure 5(b) ).
Celastrol Induces K562 Cell Apoptosis through Channel of CASPASE Activation
Conclusions
Dysregulation of cell proliferation, differentiation, and apoptosis is responsible for the tumor development and progression. Previous studies demonstrated celastrol suppressed many tumor growth in vitro. Our study shown celastrol inhibited the K562 cell proliferation through apoptosis in a dose-and time-dependent manner. Results form Hoechst 33258 staining assay found nuclei pyknosis, chromatin condensation, DNA fragmentation, and apoptosis body in K562 cells after celastrol treatment. DNA ladder assay also confirmed celastrol initiated endogenous endonuclease activity to induce DNA fragmentation. Apoptotic cell proportion is positive correlation with the celsatrol dose, which is consistent with the literature [8] . The present study also found activation of caspase is involved in the apoptosis process induced by celastrol in K562 cells, and caspase inhibitors block it, which confirmed caspase is responsible for the celastrolnduced-apoptosis consistent to the literature [9] .
Among the Caspase members, the cleavage of Caspase3, 8 is implicated in the process of Celastrol-induced K562 cell apoptosis (Figure 3(a) ). In K562 cells, Celastrol induces rapid and significant activation of Caspase3 but has no effect on the activation of Caspase 6. 50 μmol/L Capase inhibitor z-VAD-fmk significantly block Celastrol-induced K562 cell apoptosis. (Figure 3(b)) 
Celastrol Inhibit Akt Activity of K562 Cells
The Akt phosphorylation level of K562 cell can be significantly inhibited with 2.0 μmol/L Celastrol for 4 h and the intensity of inhibiton is increased with time elongated. However, the total level of Akt expression has no evident change by Celastrol (Figure 4(a) ). Simultaneously, we examined the protein levels of downstream molecules of Akt including survivin and Bcl-2 and we found that the activity of survivin and Bcl-2 is rapidly decreased in K562 cells treated by Celastrol (Figure 4(b) ). i PTEN depletion resulted in PI3K-Akt sustained activation plays a important role in maligment transformation of K562 cells. Multiple anti-cancer agents act through attenuated PI3K and Akt levels [10, 11] . The present study found celastrol could significantly suppress the phosphrylation level of Akt, as well as the downstream molecules survivin and Bcl-2. 25 nmol/L WORT, a PI3K/Akt inhibitor, can greatly enhanced celsatrol induced apoptosis. Furthermore, 25 nmol/L WORT alone can strongly suppress the phosphorylation of Akt,. Bcl-2 is one of the well-known antiapoptotic oncogenes that an block multiple general apoptosis approaches in sevc eral cells, and survivin, a strongest apoptotic factor at present [12] , directly acts on the caspase cascade final proteins caspase-3 and -7 and indirectly p21 to inhibit caspases [13] , and subsequently blocks apoptosis. Ikehara et al. [12] regarded survivin was responsible for the invasion, migration, therapy and prognosis. Our study demonstrated survivin and Bcl-2 were downregulated at the same time in celastrol induced apoptosis, whereas caspase-3,8 activities were greatly enhanced. Accordingly, celsatrol induced apoptosis in K562 cells might involve in mitochondrial pathway, whenas Bcl-2 acts againstion imbalance resulted in mitochondria rapture to affect the release of Cytc C from mitochondria so as to block caspase cascade to suppress apoptosis [14] . Therefore, during the process of celastrol induced apoptosis, downregulation of survivin directly initiated caspase to facilitated apoptosis and decrease of Bcl-2 expression level enhanced the sensitivity of tumor cell to apoptosis, and affected on the caspase upstream to activate Cytc C release from mitochondria and subsequently enable caspase to induce apoptosis. Consequently, downregulation of survivin and Bcl-2 simultaneous played a synergistically role in celastrol induced K562 cell apoptosis.
In short, the present study demonstrated celsatrol can significantly inhibite the proliferation, and induce apoptosis in K562 cells through caspase activation, accomplished by decrease of Akt phosphorylation. Though acivity reduce of Akt is not the only reason for celastrol t induced apoptosis, it involved in the PI3K/Akt inhibitor and celastrol induced K562 cell apoptosis.
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